Altered REDD1, myostatin, and Akt/mTOR/FoxO/MAPK signaling in streptozotocin-induced diabetic muscle atrophy.
Type 1 diabetes, if poorly controlled, leads to skeletal muscle atrophy, decreasing the quality of life. We aimed to search highly responsive genes in diabetic muscle atrophy in a common diabetes model and to further characterize associated signaling pathways. Mice were killed 1, 3, or 5 wk after streptozotocin or control. Gene expression of calf muscles was analyzed using microarray and protein signaling with Western blotting. We identified translational repressor protein REDD1 (regulated in development and DNA damage responses) that increased seven- to eightfold and was associated with muscle atrophy in diabetes. The diabetes-induced increase in REDD1 was confirmed at the protein level. This result was accompanied by the increased gene expression of DNA damage/repair pathways and decreased expression in ATP production pathways. Concomitantly, increased phosphorylation of AMPK and dephosphorylation of the Akt/mTOR/S6K1/FoxO pathway of proteins were observed together with increased protein ubiquitination. These changes were especially evident during the first 3 wk, along with the strong decrease in muscle mass. Diabetes also induced an increase in myostatin protein and decreased MAPK signaling. These, together with decreased serum insulin and increased serum glucose, remained altered throughout the 5-wk period. In conclusion, diabetic myopathy induced by streptozotocin led to alteration of multiple signaling pathways. Of those, increased REDD1 and myostatin together with decreased Akt/mTOR/FoxO signaling are associated with diabetic muscle atrophy. The increased REDD1 and decreased Akt/mTOR/FoxO signaling followed a similar time course and thus may be explained, in part, by increased expression of genes in DNA damage/repair and possibly also decrease in ATP-production pathways.